The recognition of nucleotides with model beta-hairpin receptors: investigation of critical contacts and nucleotide selectivity.
[reaction: see text] We have investigated the factors that contribute to binding of ATP by a designed 12-residue beta-hairpin peptide, WKWK, and have determined its selectivity for binding to the naturally occurring nucleotide triphosphates. We have previously shown that WKWK creates an ATP binding pocket on one face of the beta-hairpin consisting of two Trp and two Lys residues. Mutation of the two Lys residues on the binding face of the beta-hairpin resulted in a lower affinity, indicating that each is involved in ATP binding and that each residue contributes approximately -1.5 kcal/mol to the energy of complexation. Replacement of either Trp residue of the ATP binding pocket with Phe or Leu destabilizes the complex formed with ATP by approximately 1 kcal/mol, indicating that both Trp residues participate in interactions with ATP. For binding to the nucleotide triphosphates, the order of binding affinity was shown to follow dTTP > GTP > ATP > CTP, with differences in binding energies spanning as much as 1.6 kcal/mol. NMR analysis demonstrates that both aromatic interactions with the Trp side chains and CH-pi interactions between the ribose protons and the Trp residues may contribute significantly to binding. The results from our model system provide useful thermodynamic information regarding protein-nucleic acid interactions that occur at the surface of a beta-sheet.